logical activity.
Among them, benanomicin A (l)9'10), isolated from the culture broth of Actinomadura spadix MH193-16F4,is one of the most important compounds because it exhibits significant antifungal and anti-HIV activity11~13).
Although a few synthetic studies on benzo[tf]naphthacenequinone pigments G-2N and G-2A
were reported14'15), benanomicinones have not been synthesized to date. We are interested in investigating the structure-activity relationships of benanomicins16), so it is important to develop a synthetic route not only to 1, but also to analogs with improved biological activity. For this purpose, we started a program directed toward the general construction of the substituted 5,6- a-tetralone (2) (Scheme 2). Heating 2 with paraformaldehyde and dimethylamine hydrochloride in ethanol gave the keto-amine (3) in 86% yield17). Wittig olefination of 3 with (methoxymethylene)phosphorane, generated in situ via phenyllithium and (methoxymethyl)triphenylphosphonium chloride at -45°C in tetrahydrofuran, at 0°C afforded a 6 : 1 mixture of the enol methyl ethers (4) in 72% yield. The ratio of isomers was determined by *H NMRintegration of the olefin proton signals (d 6,57 for major isomer and^6.15 for minor one). It was difficult to separate the isomers completely because they had similar Rf values and partially decomposed to the corresponding aldehyde during contact with silica-gel.
Treatment of 4 with 1 equiv of m-chloroperbenzoic acid in chloroform at 0°C gave the Af-oxide (5). Heating 5 in toluene gave the diene (6), which was easily cyclized with 1,4-naphthoquinone (7) in toluene at 90°C to afford the unsubstituted 5,6-dihydrobenzo [a~\naphthacenequinone (8) (9), obtained upon treatment of6with 1 m hydrochloric acid, with £ mixture of sodium cyanide, activated manganesedioxide and glacial acetic acid in methanol19) gave the corresponding methyl ester (10) in 30% yield. Reaction of 10 with lithium diisopropylamide and chlorotrimethylsilane at -78°C, cyclization of the resulting ll with 2-chloro-5-hydroxy-7-methoxynaphthoquinone (12)?0) at room temperature, followed by slow percolation of the crude adduct through a column of silica-gel gave the desired product (13) (9-OHat 8 12.98 and 14-OHat d 13.88) in 72% yield based on therecovered starting material (Scheme 3). Thestructure of 13 was entirely confirmed by the HMBC correlations between 7-H (8 7.75) and C-8 (8 186.2), and 12-H(3 7.43) and C-13(8 188.1). As expected, the Diels-Alder reaction proceeded regio-VOL.50 NO.8 THE JOURNAL OF ANTIBIOTICS selectively, and no regioisomeric product was detected.
Wehave successfully developed a general and flexible synthetic route to A-ring unsubstituted benzo[X|-naphthacenequinones. Obviously, it can also be applied to the synthesis of highly substituted benzo[a]naphthacenequinones. This is our next subject.
Experimental General
Mass spectra (EI-MS) were measured on a Hitachi M80Hmass spectrometer. XH and 13C NMRspectra were recorded on a Jeol JNM-GX400 spectrometer. UV spectra were recorded on a Hitachi U-3210spectrometer. Melting points were determined on a Yanagimotomicro melting point apparatus.
2-(Dimethylamino)methyl-l -oxo-l ,2,3,4-tetrahydronaphthalene (3) A mixture of a-tetralone (2) (3.85g, 26.4mmol), dimethylammonium chloride (2.82 g, 34.6 mmol), paraformaldehyde (1.08 g, 12mmol) and 3 drops of cone HC1
in.95% EtOH 40ml was heated at 90°C for 24 hours. After evaporation, the residue was partitioned between diethyl ether and 1 m HC1 under cooling. The aq layer was adjusted to pH 9 with satd NaHCO3solution, saturated with NaCl and extracted with chloroform. After evaporation, compound 3 (4.6 g) was obtained. After evaporation, 1-methoxymethylene-2-methylene-l,2,3,4-tetrahydronaphthalene (6) was obtained. XH NMR (400MHz, CDCI3) 5 3.83 (3/7H, s, OGH3), 3.87 (18/7H, s, OCH3), 4.62 and4.98 (each 1/7H, bs, olefin H), 5.23 and 5.79 (each 6/7H, bs, olefin H), 6.56 (1/7H, s, enolic olefin H), 6.71 (6/7H, s, enolic olefin H). A mixture of.6 and 1,4-naphthoquinone (7) (16mg, 0.1mmol) in toluene (2ml) was heated at 90°C for 8 hours. After evaporation, the residue was chromatographed on silica-gel with chloroform-hexane (1 : 2) to give 8 (1-2mg) l -Formyl-2-methyl-3 ,4-dihydronaphthalene (9) To a solution of6 (186mg, 1 mmol) in dioxane (2ml) was added 1 m HC1(0.2ml) at room temperature. After 30 minutes, the reaction mixture was extracted with chloroform. The chloroform layer was washed with H2O, satd NaCl solution, dried over anhydr Na2SO4 and evaporated to give 9 (141mg). XH NMR(400MHz, 
